The mixing induced time dependent CP asymmetry, direct CP asymmetry, and branching ratio in B → ΦK S in a model III 2HDM are calculated, in particular, neutral Higgs boson contributions are included. It is shown that satisfying all the relevant experimental constraints, for time dependent CP asymmetry S φK the model III can agree with the present data, s φk = −0.39±0.41, within the 1σ error, and the direct CP asymmetry which is zero in SM can be from about eight to twenty percents in the reasonable regions of parameters.
Introduction
The recently reported measurements of time dependent CP asymmetries in B → ΦK S decays by BaBar [1] sin(2β(ΦK S )) BaBar = −0.19
+0.52
−0.50 ± 0.09 (1) and Belle [2] sin(2β(ΦK S )) Belle = −0.73 ± 0.64 ± 0.18 (2) result in the error weighted average sin(2β(ΦK S )) ave = −0.39 ± 0.41 .
with errors added in quadrature. The value in (2) corresponds to the coefficient of the sine term in the time dependent CP asymmetry, see Section VI.
Belle also quotes a value for the direct CP asymmetry, i.e., the cosine term C ΦK = −0.19 ± 0.30 [2, 3] . Although there are at present large theoretical uncertainties in calculating strong phases, we still examine direct CP asymmetry in the paper in order to obtain qualitatively feeling for effects of new physics on CP violation.
In the SM the above asymmetry is related to that in B → J/ΨK S [6] - [9] by sin(2β(ΦK)) = sin(2β(J/ΨK))+O(λ
where λ ≃ 0.2 appears in Wolfenstein's parameterization of the CKM matrix and sin(2β(J/ΨK S,L )) world−ave = +0.734 ± 0.054. Therefore, (3) violates the SM at the 2.7 σ deviation. The impact of these experimental results on the validity of CKM and SM is currently statistics limited. Future prospects at the B-factories are that the statistical error σ ΦK S (stat) can be expected to improve roughly by a factor of three with an increase of integrated luminosity from 0.1ab −1 to 1ab −1 [10] and it will take some time before we know the deviation with sufficient precision to draw final conclusions.
However, the possibility of a would-be measurement of sin(2β(ΦK S )) = −0.39 or a similar value which departs drastically from the SM expectation of (4) has attracted much interest to search for new physics, in particular, supersymmetry, two Higgs doublet model (2HDM), and model-independent way [11, 12] . In the paper we consider the decay B → ΦK S in a model III has been studied in the second paper of ref. [11] 
Model III two-Higgs-doublet model (2HDM)
In model III 2HDM, both the doublets can couple to the up-type and downtype quarks, the details of the model can be found in Ref. [15] . The Yukawa Lagrangian relevant to our discussion in this paper is
Effective Hamiltonian
The effective Hamiltonian for charmless B decays with ∆B = 1 is given by [12, 18] 
Here Q i are quark and gluon operators and are given by
where The Wilson Coefficients C i , i=1,...,10, have been calculated at LO [18, 13] .
We calculate them at NLO in the NDR scheme and results are as follows.
where
Here the Wilson coefficients C 7γ and C 8g at LO which are given in ref. [13] have also been written. The Wilson coefficients C 7γ and C 8g at NLO in SM have been given but they at NLO in model III 2HDM have not been calculated yet. Because we calculate the decay amplitude only to the α s order it is enough to know them at LO. Here
B 0 (x t ) = 1 4
and
The Wilson coefficients C i , i=11,...,16, at the leading order can be obtained from C Q1 and C Q2 in Ref. [17] . The non-vanishing coefficients at m W are
We shall omitted the contributions of the primed operators in numerical calculations for they are suppressed by
For the process we are interested in this paper, the Wilson coefficients should run to the scale of O(m b ). C 1 − C 10 are expanded to O(α s ) and NLO RGEs should be used. However for the C 8g and C 7γ , LO results should be sufficient. The details of the running of these Wilson coefficients can be found in Ref. [18] . The one loop anomalous dimension matrices of the NHB induced operators can be divided into two distangled groups [21] 
For Q ′ i operators we have
Because at present no NLO Wilson coefficients C
i , i=11,...,16, are available we use the LO running of them in the paper. 4 The decay amplitude and CP asymmetry in
We use the BBNS approach [16] to calculate the hadronic matrix elements of operators. In the approach the hadronic matrix element of a operator in the heavy quark limit can be written as
where < φK|Q|B > f indicates the naive factorization result. The second term in the square bracket indicates higher order α s corrections to the matrix elements [16] . We calculate hadronic matrix elements to the α s order in the paper. In order to see explicitly the effects of new operators in the model III 2HDM we divide the decay amplitude into two parts. One has the same form as that in SM, the other is new. That is, we can write the decay amplitude, to the α s order, for B → φK in the heavy quark limit as [14, 19, 12 ]
For the hadronic matrix elements of the vector current, we can write < φ|sγ µ b|0 >= m φ f φ ǫ φ µ and < K|sγ µ b|B >= F
Here, the coefficients a 
where p takes the values u and c, N = 3, C F = (N 2 − 1)/2N, and
The explicit expressions of the coefficients a u,c i have been given in ref. [19] . Because there are minor errors in the expressions in the paper and in order to make this paper self-contained we reproduce them here, correcting the minor errors.
where φ i (x) are meson wave functions,
with normalization factor N B satisfying 1 0 dxφ B (x) = 1. Fitting various B decay data, ω B is determined to be 0.4 GeV. In eq.(42) the asymptotic limit of the leading-twist distribution amplitudes for φ and K has been assumed.
The coefficients a i in eq. (39) are
In eq. (45) The decay rate can be obtained [19] 
Here λ φk is defined as
The ratio (q/p) B is nearly a pure phase. In SM λ φk = e i2β +O(λ 
Constrains from B → X s γ and neutron electric dipole moment (NEDM)
It is shown in Ref. [13] that the most strictly constrains come from B → X s γ and neutron electric dipole moment (NEDM). For completeness, we write the formulas as following:
The NEDM can be expressed as
with H(y) = 3 2
Numerical results for B → K s φ
We have scanned the parameter space in model III, in the following we will
show the results for several specific parameters. In order to demonstrate the NHB contributions, in figures 9-11, we show S φK as functions of the phases of λ bb and λ ss , θ bb and θ ss , and the correlation between S φK and C φK , respectively. It is clear that S φK is sensitive to the phases. At the same time, in the range [−π, π] of θ bb and θ ss C φK changes only several percentages. There is a strong correlation between S φK and C φK and C φK is always positive regardless of the sign of S φK , which is opposite to that of the central value of measurements. Therefore, if the minus C φK is confirmed in coming experiments the model III 2HDM could be excluded.
Conclusions and Discussions
In summary we have calculated the Wilson coefficients at NLO for the operators, except for Q 7γ and Q 8g , which exist in SM and at LO for the new operators which are induced by NHB penguins respectively in the model III 2HDM. Using the Wilson coefficients obtained and those of Q 7γ and Q 8g at LO, we have calculated the mixing induced time-dependent CP asymmetry S φk , branching ratio and direct CP asymmetry C φK for the decay B → φK s .
It is shown that in the reasonable region of parameters where the constraints Putting all the contributions together, our conclusion is that the model III can agree with the present data, S φk = −0.39 ± 0.41, within the 1σ error.
Even if the S φk is measured to a level of −0.4 ± 0.1 in the future, the model III can still agree with the data at the 2σ level in quite a large regions of parameters and at the 1σ level in some regions of parameters. As for C φK , our result is that it is positive, which is opposite to that of the measured central value. Considering the large uncertainties both theoretically and experimentally at present, we should not take it seriously.
Our results show that both the Br and S φk (as well as 
Note Added
We noticed the reference [24] 
